A total of 200 smoking-related laryngeal carcinoma patients with pathology confirmation from the Eye and ENT Hospital and 190 high-risk smokers were included in a survey. All of the participants had a smoking index greater than 400 (cigarettes/day*year.) We obtained data on clinical and baseline characteristics, and peripheral blood was obtained and subjected to DNA extraction to analyse the correlation between smoking and the occurrence of laryngeal carcinoma. We selected candidate genes and SNP fragments that were found to be closely associated with smoking-related tumours in preliminary studies. The selected candidate genes were XPG, CYP1A1, OGG1, ERCC5, ERCC1, MMP2, and MMP9. We then performed SNP sequencing using Sequenom SNP detection technology. Target genes and single nucleotide polymorphism (SNP) fragments were evaluated to analyse the correlation between genotype or allele and smoking-related laryngeal carcinoma and to identify susceptibility genes related to laryngeal carcinoma. The results included four main findings:
Introduction
The incidence of laryngeal cancer is 1-5% of all malignancies and 65-70% of upper respiratory tract malignancies [1] . The larynx is an important organ, and individuals suffering from laryngeal cancer lose voice function. A previous epidemiological survey showed that the incidence of laryngeal cancer is
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International Publisher influenced by several factors, including smoking, drinking, sex, age, eating habits, occupational factors, lifestyle and personality [2] . Smoking and excessive drinking have the largest effects on laryngeal cancer, with 80% of patients with laryngeal cancer having a history of smoking and alcohol use [3] . One study of laryngeal cancer found that the nitrosamines in tobacco lead to the up-regulation of DNA methylation, confirming that smoking is a risk factor for laryngeal cancer and demonstrating that the overexpression of DNA methylation in patients with laryngeal cancer is an important factor in the cancer's progression and metastasis [4] . Smoking is the most important factor in the study of laryngeal cancer. Tobacco and its transformants lead to oxidative damage of human DNA and causes DNA double-strand breaks. If this damage is not rapidly repaired, it promotes the occurrence of cancer. Many studies have shown that tobacco can reduce the expression of multiple DNA repair genes [5] .
The occurrence of tumours is influenced by multiple factors and associations, both genes and environmental factors play an important role. However, the finding of familial clustering of specific tumours led to speculation regarding the existence of genetic characteristics affecting tumour occurrence that were independent of external factors. In addition, scientists observed that populations show variations in the occurrence of malignant tumours when exposed to the same risk factors. This finding suggested that individuals with different genetic backgrounds have different susceptibilities to malignancy under the same environmental exposure to risk factors. The term 'susceptibility' was thus introduced to describe an individual's risk of developing a disease due to genetic factors [6] . DNA sequence variations involving the change of a single nucleotide are known as single nucleotide polymorphisms (SNPs) and represent more than 90% of human genetic variation. Each SNP comprises 500-1000 base pairs, and SNPs have been used extensively to explore cancer and other genetic diseases [6] . Genotypic differences among individuals are known as polymorphisms and are widespread in populations. Genetic polymorphisms are third-generation genetic markers, and SNPs occur at more than 1% frequency in a population [7] . At present, research on the relationships between gene polymorphisms and tumour occurrence is focused on the detection and analysis of several SNPs of target genes. Several studies have reported genes or SNP sites that occur at low frequencies and might be of interest for the early prevention and treatment of head and neck cancer.
The aim of the present study was to identify susceptibility genes by performing comparisons between laryngeal cancer patients with a history of smoking and high-risk control subjects with the same level of smoking. We conducted an epidemiological investigation of laryngeal cancer patients and normal smokers to understand the role of smoking in the development of laryngeal cancer and to study the susceptibility genes of individuals exposed to the same levels of environmental factors. The genetic susceptibility genes of tobacco-related head and neck cancer patients who were reported by previous scholars were compiled, and the high-risk genes and SNP fragments were evaluated to comprehensively and objectively investigate the genetic susceptibility of laryngeal cancer. 
Materials and Methods

Case and control groups
Two hundred patients with laryngeal squamous carcinoma as determined via pathologic examination at the Eye and ENT Hospital between October 2014 and December 2016 were included in the study. Baseline and clinical data were collected, and patients with recurrence, distant metastasis or other serious diseases were excluded. One hundred ninety control subjects composed the tumour-free population. All of the patients and control subjects provided written, informed consent to participate in the study and had a long history of smoking. (According to WHO, when the smoking index more than 400cigarettes/day*year were identified as severe smokers. All of the participants in our study were severe smokers).
Blood samples and genotyping
Five millilitres of peripheral blood was collected from each patient and control and maintained at -20°C until use. The phenol-chloroform extraction method was used to extract DNA from whole blood (QIAGEN DNA Mini and Blood Mini Kit). The genotypes and alleles of XPG (rs1047768), CYP1A1 (rs1048943/ rs4646421/rs4646422), OGG1 (rs1052133/rs2304277), ERCC5 (rsrs17655/rs4771436), RAD51 (rs1801320/ rs2928140), ERCC1 (rs2298881/rs3212961/rs3212964), MMP2 (rs7201/rs9928731), MMP9 (rs17577/rs3787 268) were analysed by polymerase chain reaction (PCR). The primer sequences are shown in Table 1 and were designed by using Sequenom® Assay Design version 3.1 software (ShengGong, Shanghai, China). The PCR procedure was as follows: initial denaturation at 95°C for 2 min; 45 cycles of amplification with denaturation at 95°C for 30 s, annealing at 56°C for 30 s, and extension at 72°C for 60 s; followed by final extension at 72°C for 5 min. Sequenom MassARRAY Assay Design 3.0 software was used to design a multiplexed SNP MassEXTEND assay. The genotypes and alleles were detected by using the Sequenom MassARRAY RS1000 platform following the recommended protocol, and the data were analysed by using Sequenom Typer 4.0 software.
Statistical analysis
Independent two-samples t-tests and CochranMantel-Haenszel tests were used to test for differences between the patients and controls in baseline characteristics. SPSS 17.0 software was used to analyse the general clinical data to assess the correlation between smoking and disease progression. HardyWeinberg equilibrium (HWE) was examined using a Chi-square (χ 2 ) test with one degree of freedom. The relationship between a genotype or allele and the occurrence of laryngeal carcinoma was analysed by using the SPSS 17.0 statistical software package. The genetic susceptibility genes associated with smokingrelated laryngeal carcinoma was then summarized according to the analysis results. Conditional multivariate logistic regression models were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs). The smoking index was used for stratification to analyse the influence of a genotype or allele on the risk of laryngeal carcinoma after controlling for the external factor of smoking. All tests were two-sided with a significance level of P-value <0.05. 
Results
Baseline and clinical characteristics of patient and control groups (Tables 2 and 3)
5. The analysis of gene data showed that CYP1A1-rs1048943, CYP1A1-rs4646421, CYP1A1-rs4646422 and MMP9-rs17577 were closely related to the occurrence of laryngeal carcinoma and could thus be considered genetic susceptibility genes for the development and progression of laryngeal carcinoma (Table 7) 
Discussion
According to the International Agency for Research on Cancer Globocan website (GLOBOCAN 2008), the standardized incidence of laryngeal cancer worldwide is 2.2/10 million, and the standardized mortality rate is 1.2/10 million. The incidence of laryngeal cancer is lower in China than in Europe and the United States; however, the disease remains a concern in China, with a standardized incidence of 1.4/10 million and a standardized mortality of 0.8/10 million [8, 9] . Several studies have shown that smoking and excessive drinking have strong influences on laryngeal carcinoma. A previous survey showed that 80% of patients with laryngeal cancer had a history of smoking and alcohol abuse and that the risk of laryngeal cancer increases with increasing time and volume of these two factors [3] . The proportion of laryngeal cancer was increased significantly among those who smoked more than 20 cigarettes and drank more than 15 ml of alcohol each day for at least 5 years [10] . Ramroth et al analysed 257 laryngeal cancer patients and 769 controls and showed that smoking was the most important factor influencing the occurrence of laryngeal cancer. Smokers have an increased incidence of laryngeal cancer, and non-smokers, including children, who are exposed to a smoking environment also have a higher incidence compared with those in a non-smoking environment [11] . However, although it is known that tobacco can promote the occurrence of laryngeal cancer, reports of the correlation between smoking level and laryngeal cancer are lacking. All of the participants in the present study had a history of long-term smoking. Our epidemiological results showed that the smoking level of patients with laryngeal carcinoma was significantly higher than that of individuals in the control group, who were without cancer. The regression analysis showed that the risk of laryngeal cancer was increased at a smoking level of more than 600 cigarettes/day*year, and the T stage, N stage and clinical stage of laryngeal carcinoma were significantly correlated with tobacco use. These results indicate that smoking not only promotes the occurrence of laryngeal carcinoma but also promotes its progression.
Earlier studies suggested that tumour development was mainly due to environmental factors. However, the finding of tumour aggregations in families raised the question of whether the occurrence of cancer was correlated with genetic factors. A researcher at Michigan University accidentally discovered a tumour family. The family comprised seven generations and total of 929 people as of 2002. The cancer incidence rate of this family was 12.4%, which was higher than that of the general population, and most of the affected individuals had colorectal or endometrial cancer [12] . In addition to identifying such family aggregation phenomena, researchers also found that the influences of environmental factors varied among individuals such that exposure to the same risk factors did not invariably lead to cancer [6] . Therefore, we hypothesized that differences in genetic susceptibility contribute to variation in the occurrence of tumours. In our study, all of the subjects were exposed to the environmental factor of smoking to control for the influence of smoking. Our results suggested that CY1A1-rs1048943, CY1A1-rs4646421, CY1A1-s4646 422 and MMP9-rs17577 were closely related to susceptibility to laryngeal carcinoma. CYP1A1 is an enzyme encoded by the cytochrome gene and exerts aromatic hydrocarbon hydroxylase activity. CYP1A1 is one of the most important isoenzymes in the CYP450 enzyme system. Human CYP1A1 is located on chromosome 15, q22_q24, and it can catalyse PAH and other exogenous compounded active carcinogens. CYP1A1 is associated with nuclear DNA and causes mutations in cancer genes and tumour suppressor genes, promoting the occurrence of cancer [13] . To date, 133 candidate single nucleotide polymorphisms (SNPs) in human CYP1A1 have been found. Most studies of CYP1A1 gene polymorphisms and tumour susceptibility have focused on lung cancer and gastric cancer, with a smaller number of studies focused on oral cancer, laryngeal cancer and other head and neck cancer. In 2012, Sabitha et al found that a CYP1A1 gene mutation was closely related to cigarette smoking and that polymorphism of the CYP1A1 gene core region was closely related to the occurrence of tobacco-associated tumours. The CYP1A1 m1/m1 and w1/m1 genotypes were associated with an increased risk of head and neck cancer relative to the CYP1A1 w1/w1 genotype. The CYP1A1 w2/m2 and m2/m2 genotypes were also associated with a higher risk of head and neck cancer relative to the CYP1A1 w2/w2 genotype. The study authors suggested that CYP1A1 and its genotypes could serve as novel and important biomarkers for predicting and diagnosing head and neck cancers [14] . In addition, Lourenço et al studied 142 patients with head and neck squamous cell carcinoma and 142 control subjects and found that CYP1A1, GSTM1 and GSTT1 were closely related to head and neck cancer especially in patients with a severe smoking level [15] . A meta-analysis in 2016 found that carriers of the G allele for CYP1A1 rs1048943 and rs4646903 had a significantly increased risk of laryngeal cancer in Asian populations; 10 trials were included in the study, involving 748 patients with laryngeal cancer and 1558 control subjects [16] . These results are consistent with the present finding suggesting that allele G carriers at rs1048943 have an increased risk of laryngeal carcinoma. A recent study in Japan of CY1A1-rs1048943, rs4646421, rs4646422, GSTT1, and GSTM1 enrolled 457 patients with gastric cancer and 457 controls. The result showed that the rs4646422 polymorphism of CYP1A1 had a close association with gastric cancer in Japan and was associated with a significant increase in the risk of smoking, especially among individuals with more than 30 years of smoking [17] . These findings are consistent with the present result that CYP1A1-rs4646422 gene polymorphism was closely related to laryngeal carcinoma in the long-term smoking population.
MMPs degrade almost all extracellular matrix components and are closely related to tumour infiltration, invasion and metastasis. A few studies have focused on the correlation between laryngeal cancer and MMP expression level. In 2014, researchers analysed 48 tissues with laryngeal carcinoma and 15 tissues with non-cancerous laryngeal tissues for differences in CD147, MMP2 and MMP9 expression. In the laryngeal carcinoma tissues, the expression of CD147, MMP2 and MMP9 was significantly increased compared with that in the control group (87.5%, 75.0%, and 79.2% vs. 26.7%, 6.7%, and 33.3%, respectively). The 5-year survival rate of laryngeal carcinoma was stratified according to the expression of CD147, MMP2 and MMP9. The 5-year survival rate was 25% in the high-expression group and 83.3% in the low-expression group. These results suggested that the expression of CD147, MMP2 and MMP9 was associated with the invasion, metastasis and prognosis of laryngeal carcinoma (16) . In 2015, researchers reported that the expression levels of MMP2 and MMP9 were significantly higher in patients with laryngeal cancer than in normal, cancer-free patients. Their findings suggested that MMP2 expression was associated with lymph node metastasis, whereas MMP9 expression was significantly related to the T stage of laryngeal cancer [18] . To investigate the correlation of MMP9 expression in laryngeal squamous cell carcinoma tissues and prognosis, one study divided 196 patients into three groups according to MMP9 expression level. The authors of that study discussed the relationship between MMP9 expression and pathological grade, tumour stage and survival and suggested that MMP9 was an important biomarker of laryngeal squamous cell carcinoma and could predict prognosis [19] . In 2013, a study evaluated MMP9 gene polymorphism as a potential biomarker to predict breast cancer prognosis in Chinese women. The authors found that carriers of the rs3787268 GA + AA genotype and rs17577 GG genotype showed significantly reduced survival rates among breast cancer patients with ER (+) and Her-2 (-) [20] . Our results suggested that the G allele of rs17577 had a protective effect compared with the A allele; this finding conflicts with the findings of the breast cancer study. These conflicting results might arise from study differences in the tumour site and pathological type, and this topic warrants further research. To date, little research has been conducted on the relationship between MMP9 gene polymorphisms and head and neck tumours. Most related studies have focused on the expression level of MMP9 in tumour issues. Therefore, our results are relevant for the early prediction of laryngeal cancer occurrence.
Few studies have investigated the relationship between ERCC1 polymorphisms and head and neck tumours; most studies have focused on colorectal, gastric, and lung cancers [21, 22] . A 2015 study using RegulomeDB technology found that ERCC1 had a total of 364 SNP sites. The authors of that study investigated four priority sites, rs298881, rs1049739, rs10415949, and rs6509214, which have been found to be associated with lung cancer prognosis. They found that rs2298881 C>A expression suggested poor survival and OS-free survival (DFS) for non-small cell lung cancer patients who had accepted surgery [23] . This result is consistent with our finding that the GT genotype at ERCC1-rs2298881 was associated with an increased risk of laryngeal cancer in heavy smokers after stratified analysis. A study of colorectal cancer that analysed the sites ERCC1-rs2298881, rs11615, and rs2276466 concluded that carriers of the C allele of ERCC1-rs2298881 had an increased risk of colorectal cancer and that this allele might be an important biomarker for colorectal cancer [24] . A meta-analysis reported the correlations of ERCC1-rs3212986 and ERCC1-rs11615 with head and neck tumours in 2015. This study included 910 head and neck cancer patients and 1337 control subjects from seven trials. The authors of that study concluded that the ERCC1-rs3212986 polymorphism in Asian populations was a predictor of head and neck cancer, whereas the ERCC1-rs11615 polymorphism was a risk factor for head and neck tumours, particularly laryngeal tumours [25] . One study investigated eight nucleotide polymorphisms of six genes in the context of smoking-related laryngeal squamous carcinoma. The researchers showed that the interactions between the ERCC1-rs11615 and ERCC5-rs17655 polymorphisms and smoking could promote the development of laryngeal cancer and that the ERCC1-rs1615 polymorphism was significantly associated with drinking habits [26] . In 2014, 12 single nucleotide polymorphisms (SNPs) of the NER gene were reported to be closely related to laryngeal cancer development. The results suggested that the CC genotype or C allele carriers of ERCC1-rs11615 had a significantly higher risk of tumours relative to the TT genotype, especially in the population with smoking history. The risk of laryngeal cancer was also higher among GG genotype or G allele carriers of ERCC5-rs17655 compared with CC genotype carriers [27] . The rs17655 polymorphism was also included in our analyses, but no significant relationships were identified; further research on this polymorphism is warranted.
The results of our study suggest that smoking is an important factor in the development and progression of laryngeal cancer. The CYP1A1-rs1048943, CYP1A1-rs4646421, CYP1A1-rs4646422 and MMP9-rs17577 polymorphisms are closely related to the susceptibility of laryngeal squamous carcinoma. In addition, the results indicate that the ERCC1-rs2298881 polymorphism has clinical monitoring value among individuals with a severe smoking level.
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